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APPENDIX 12

MAPS

This appendix contains a series of maps that the reader may use to determine,
in a general way,  a variety of water use parameters across Missouri.  The data used
in these maps were gleaned from the 2000 U.S. Census and the United States
Geological Survey (USGS) Water-Use website (http://www.usgs.gov/  Every five
years the USGS compiles national water-use estimates and publishes a report. The
information used in  many of the following maps comes from this report (Circular
1200, �Estimated Use of Water in the United States in 1995�).  For clarity purposes,
it is important to list some selected  definitions used by the USGS.

Estimated Use of Water in the United States in 1990
Glossary of water-use terminology

Water-use terminology is continuing to expand in this series of water-use circulars
prepared at 5-year intervals. The term �water use,� as initially used in 1950 in the
U.S. Geological Survey�s water-use circulars, meant withdrawals of water; in the
report for 1960, the term was redefined to include consumptive use of water as well
as withdrawals. With the beginning of the Survey�s National Water-Use Information
Program in 1978, the term was again redefined to include return flow and offstream
and instream uses. In the report for 1985, the term was redefined to include with-
drawals plus deliveries.

STANDARD WATER-USE TERMS

commercial water use�water for motels, hotels, restaurants, office buildings,
other commercial facilities, and institutions. The water may be obtained from a
public supply or may be self supplied. See also public supply and self- supplied
water.

domestic water use�water for household purposes, such as drinking, food prepa-
ration, bathing, washing clothes and dishes, flushing toilets, and watering lawns
and gardens. Also called residential water use. The water may be obtained from a
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public supply or may be self supplied. See also public supply and self-supplied
water.

groundwater�generally all subsurface water as distinct from surface water; spe-
cifically, that part of the subsurface water in the saturated zone (a zone in which
all voids are filled with water) where the water is under pressure greater than
atmospheric.

hydroelectric power water use�the use of water in the generation of electricity
at plants where the turbine generators are driven by falling water. Hydroelectric
water use is classified as an instream use in this report.

industrial water use�water used for industrial purposes such as fabrication, pro-
cessing, washing, and cooling, and includes such industries as steel, chemical and
allied products, paper and allied products, mining, and petroleum refining. The
water may be obtained from a public supply or may be self supplied. See also
public supply and self- supplied water.

irrigation water use�artificial application of water on lands to assist in the growing
of crops and pastures or to maintain vegetative growth in recreational lands such
as parks and golf courses.

livestock water use�water for livestock watering, feed lots, dairy operations, fish
farming, and other on-farm needs. Livestock as used here includes cattle, sheep,
goats, hogs, and poultry. Also included are animal specialties. See also rural water
use and animal specialties water use.

million gallons per day (Mgal/d)�a rate of flow of water.
per capita use�the average amount of water used per person during a standard

time period, generally per day.
public supply�water withdrawn by public and private water suppliers and deliv-

ered to users. Public suppliers provide water for a variety of uses, such as domes-
tic, commercial, thermoelectric power, industrial, and public water use. See also
commercial water use, domestic water use, thermoelectric power water use, in-
dustrial water use, and public water use.

self-supplied water�water withdrawn from a surface- or ground-water source
by a user rather than being obtained from a public supply.

surface water�an open body of water, such as a stream or a lake.
thermoelectric power water use�water used in the process of the generation

of thermoelectric power. The water may be obtained from a public supply or may
be self supplied. See also public supply and self-supplied water.

water use�1) in a restrictive sense, the term refers to water that is actually used for
a specific purpose, such as for domestic use, irrigation, or industrial processing. In
this report, the quantity of water use for a specific category is the combination of
self-supplied withdrawals and public-supply deliveries. 2) More broadly, water use
pertains to human�s interaction with and influence on the hydrologic cycle, and
includes elements such as water withdrawal, delivery, consumptive use, wastewa-
ter release, reclaimed wastewater, return flow, and instream use. See also offstream
use and instream use.
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61

0.54
0.35

2.29

1.19

0.30

0.04

0.12

0.07

0.05

0.53

0.30

0.55

0.03

0.390.77

0.47

0.01

0.35

0.03

1.02

0.49

0.40

0.57

0.81

0.20

0.11

1.34

0.60

0.10

0.33

0.66
0.26

0.01

0.22

0.66

0.28

0.643.06

0.87

0.09

2.73

0.48

0.17

0.89

0.62

1.040.18

0.37

1.85

0.57

0.02

0.00

0.76 0.32

0.76

0.81

0.04

2.79

0.99
0.58

0.18

0.31

0.01

0.09

1.35

0.29
0.99

0.19

0.10

0.70

0.31

0.71

0.01

0.39

0.42
0.00

0.05

0.01

0.08

0.06

0.67

0.37

0.22

0.01

0.16

0.02

0.24

0.31

0.09

0.06

0.27

0.22

0.05

0.15

0.13

1.04

0.15

0.06

0.09

0.78

0.21

0.22

0.11
2.15

0.54

0.28

0.05

0.33

0.03

0.35

4.93

0.75

0.060.02

0.00

0 20 40 60 80 Miles

81-100
61-80
41-60
21-40
0-20

N

EW

S

SELF-SUPPLIED DOMESTIC WATER USE

% of supply from surface water (remainder from groundwater)

Number= Domestic water use for that county (Mgal/day)

Source: USGS 1995 water use data for Missouri 
http://water.usgs.gov/watuse/spread95.html

See definition - page 53



62

0.57
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20

0.00

0.00

0.000.78

0.00

0.00

0.27

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
0.69

0.24

0.00

0.18

5.33

0.001.58

0.00

0.00

2.73

0.01

0.11

0.00

4.19

0.000.00

0.00

0.00

0.00

0.00

6.23

0.00 0.00

0.00

0.00

0.00

1.16

0.00
0.18

0.00

0.00

0.00

0.00

0.24

4.12
0.00

0.00

0.00

0.00

0.00

0.52

0.00

0.01

0.00
0.31

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.19

0.00

0.00

0.00

0.00

0.26

0.00

0.00

0.00

0.00

1.98

0.00

0.00

0.20

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

6.48

0.00

0.000.00

0.00

0 20 40 60 80 Miles

80-100
0
no industrial water use

N

EW

S

SELF-SUPPLIED INDUSTRIAL WATER USE

% of Supply from Surface Water (remainder from groundwat

Source: USGS 1995 Water Use Data for Missouri
http://water.usgs.gov/watuse/spread95.html

Number = Industrial water use for that County (Mgal/day)

See definition - page 53



63

1.47
0.01

0.01

0.07

0.05

0.11

1.49

1.18

0.44

0.01

0.34

0.08

0.090.18

0.02

0.41

0.04

0.11

0.01

0.17

0.12

0.02

0.03

0.47

0.73

0.32

1.58

0.80

0.15

6.55

1.83

0.06

0.41

0.650.15

0.12

0.63

0.18

0.04

0.19

0.19

2.52

0.300.78

0.11

8.32

0.05

0.09

0.25 0.05

0.58

0.15

2.40

0.77

0.71
3.79

0.07

0.06

0.90

0.05

0.12

0.01

0.03

77.53

0.07

0.52

0.48

0.18

0.06

148.75

0.10

0.48

0.04 0.79

0.40

0.02

0.00

0.01

0.01

2.25

1.16

0.01

0.02

17.72

0.00

0.07

0.06

0.34

0.12

1.55

0.01

0.10

151.11

1.26

0.01

0.76

1.26

1.60

0.02

0.29

40.94

17.95

0.19

0.01

0.02

0.10

0.01

0.02

24.67

0.25

17.01

13.32

0.010.00

0.00

0 20 40 60 80 Miles

81-100
61-80
41-60
21-40
0-20

N

EW

S

SELF-SUPPLIED IRRIGATION WATER USE

% of Supply from Surface Water (remainder from groundwater)

Number = Irrigation water use for that county (Mgal/day)

Source: USGS 1995 Water Use data for Missouri
http://water.use.gov/watuse/spread95.html

See definition - page 53
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See definition - page 53
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See definition - page 53
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APPENDIX 13

RESERVOIR FIRM YIELD WATER SUPPLY
STUDIES

The use of USDA�s Reservoir Operation Study Computer Program (RESOP)
can determine a reservoir�s capacity to perform in a drought situation.  Reservoir
operation and management has become an important issue in many areas due to
increasing competition for water supplies.  The findings from these studies can be
used by communities facing drought conditions, or for strategic water planning and
drought mitigation, to strike a balance between water supply availability and water
use demand.

It is recommended that local communities that perform bathymetric and/or
RESOP studies on their own advise the State�s Public Drinking Water and Water
Resources Program�s of their activities and share the findings of their studies so that
the data can be added to the appropriate databases.  Local communities seeking to
perform bathymetric and/or RESOP studies may contact the State�s Public Drink-
ing Water and Water Resources Program�s for advice and coordination assistance.

One of the results of the Drought Assessment Committee�s involvement in the
1999-2000 drought was to more closely examine water systems that can be quickly
overtaxed.  It is important that local water suppliers know exactly how much water
is stored/available or capable of being stored in their local surface water reservoirs.
Over time reservoirs can change their bathymetric characteristics (underwater shape
and size) due to sediment accumulation.  When the capacity of a reservoir is known,
any projected or actual short falls can begin to be mitigated and remaining water
supplies more effectively managed.

To address the 1999-2000 regional drought problem, the department�s Public
Drinking Water Program and Water Resources Program collaborated by cost-shar-
ing funds and technical resources with the United States Geological Survey to de-
termine actual reservoir capacities at some surface water reservoirs.  These reser-
voir capacity determinations were accomplished by the use of ship-board global
positioning (GPS) and automated sonar depth finder.  The bathymetric findings
provided base data as to how much water storage was available from the reservoir
at specific lake elevations.  Engineers and hydrologists then ran the drought-of-
record climate patterns against the reservoir�s water use demands using the RESOP
computer model developed and maintained by the United States Department of
Agriculture (USDA).
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RESOP utilizes the drought of record as a base line and compares it to current
water use demands.  The RESOP model uses several variables that include the
following:

Lake volume (determined from bathymetry or construction survey calculations)
and surface area

Rainfall
Runoff
Lake evaporation
Seepage
Demand or water usage
Other inflow such as pumping from a stream into the reservoir

Sources of data and procedures used to determine remaining storage in water sup-
ply reservoirs are:

Reservoir Storage - Reservoirs are surveyed for remaining available storage.
Time Period - The analysis for drought effects is selected to key historical drought

event(s) for the area being studied.  This typically is the longest and most severe
drought of record for the area in which data is available.

Rainfall - Rainfall for each water supply lake is the nearest NOAA weather station.
If there were missing days in the data, then the next nearest station is used to
fill in the gaps.

Runoff - Regional monthly runoff from nearest stream gages are used.  If the rain-
fall does not look to be reasonable, i.e. runoff greater than rainfall for a certain
month, adjustments are made to the runoff by examining each individual rain-
fall event for that month.  To make the runoff determination, five-day rainfall is
used to estimate the antecedent moisture.  The NRCS cover complex number is
used to estimate runoff for each storm.

Evaporation - The nearest NOAA weather station with pan evaporation data is
used.  Pan evaporation is then adjusted to lake evaporation.

Seepage - Seepage is estimated based on experience.  In North Missouri seepage is
very low.

Demand - Demand is the amount of water available for consumptive uses.  This
value comes from community records.

Other - Other is used to identify other inflow or outflow such as pumping from a
stream.

The following graphs are two examples of products from the 1999-2000 RESOP
analysis of Elmwood Reservoir at Milan, Missouri.
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MILAN, MISSOURI
Elmwood Reservoir

Reservoir Operations During the
1950s Drought

Maximum Storage = 2,503 Acre Feet

Optimized Demand = .74 MGPD
No Pumping
Elmwood Res. meeting all
demand

Minimum Storage = 417 Acre Feet

Present Demand = 1.65 MGPD
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Elmwood Res. Meeting all demand
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Elmwood Reservoir

Storage Based on Reservoir Level

Normal Pool Elevation 872.2 Feet

Surface Area - (Acres)

Storage Volume - (Acre Feet

Area (Acres) - Storage (Acre Feet)
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An open file (CD format) report � Water Supply Study, Volume 1� by Edwards and Chen is
being developed by the Water Resources Program of the Missouri Department of Natural Re-
sources.  The report documents in detail, the studies of the following water supply systems: Milan,
Hamilton, Brookfield, Green City, James Port, King City, and the Middle Fork Grand River.  The
Milan analysis and methodology documentation from that report was used in this Appendix.
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